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Mimn-Bias amd UE

Minimum-Bias
High-Statistics reference laboratory

|deal for studies of non-pQCD properties

Including Fragmentation, diffraction, beam remnant blowup, ...

All Soft = 10-20% precision is probably the best we can do

Model power = simultaneous description of many observables

Underlying Event

Pedestal effect: jet events more active than minimum-bias

Dominating model: multiple parton interactions

Beware large fluctuations (cf, e.g, ATLAS RMS measurement)

+ Phenomenology — Theory!?




MB Terminology

Min-Bias, Zero Bias, etc.

= Experimental trigger conditions

“Theory for Min-Bias”?
Really = Model for ALL INELASTIC

But ... how can we do that?

... iIn minimum-bias, we typically do not have a hard scale, wherefore all observables

depend Slgnlflcantly on IR thSICS PS, “the Perugia tunes”, arXiv:1005.3457

A) Start from perturbative model (dijets) and extend to IR

B) Start from soft model (Pomerons) and extend to UV



Dissect & Model B

Nl A start frong this.end

P
S
Hard Trigger Events
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nd production: Jenniter Walker All rights reserved @



MIPH

A) Start from perturbative model (dijets) and‘extend to IR

C..D 104 Bahr, Butterworth, Seymour: arXiv:0806.2949 [hep-ph

—— MRST2007 LO*
CTEQ6L

2 2- — MRST2001 int.

um of y :
Sum o Dijet Cross Section
qqa’ — aad’

aa — o vs pT1 cutoff
adq — 99

dqd — Q9

gg — ddg

99 — qq DL soft + hard

~ Rutherford

(t-channel gluon)

[GeV]

T.min




MIPH

A) Start from perturbative model (dijets) and‘extend to IR

C..D 10 Bahr, Butterworth, Seymour: arXiv:0806.2949 [hep-ph Becomes Iarger

—— MRST2007 LO* than total pp
CTEQ6L

2 — 2- —— MRST2001 int. cross section?

Sum of y : AT p. = 5 GeV
© Dijet Cross Section
qq’ — aq’

aa — od’ vs pT1 cutoff
aq — 99
a9 — dd
gg — dgd

— DL soft + hard
g9 — (q

DL+CDF

~ Rutherford

(t-channel gluon)

[GeV]

T.min




MIPH

A) Start from perturbative model (dijets) and‘extend to IR

"M Bahr, Butterworth, Seymour: arXiv:0806.2949 [hep-ph Becomes Iarger

—— MRST2007 LO* than total pp
CTEQ6L

2 — 2- —— MRST2001 int. cross section?

Sum of At p. = 5 GeV

aa’ — qq’
aq — q’'q’
ad — 99
ag — dg
g9 — 99
gg — dq

Dijet Cross Section
vs pT cutoff

Parton Shower Cutoff
(for comparison)

DL soft + hard

~ Rutherford

(t-channel gluon)

[GeV]

T.min




MIPH

A) Start from perturbative model (dijets) and‘extend to IR

C..D . Bahr Butterworth, Seymour: arXiv:0806.2949 [hep-ph Becomes Iarger
—— MRST2007 LO* than total pp
CTEQ6L :

202  MRST2001int cross section?

Sum of Eg At p. = 5 GeV

o i Dijet Cross Section Lesson from

qq — o'q’ “|8 VS PT cutoff bremsstrahlung in

gg - gg 2 pQCD: divergences

99 — 99 N — fixed-order

- DL soft + hard .

99 — 99 ' unreliable, but
~ Rutherford PACD still ok
(t-channel gluon) if resummed

(unitarity)

[GeV]

T.min




MIPH

A) Start from perturbative model (dijets) and‘extend to IR

C.D . Bahr Butterworth, Seymour: arXiv:0806.2949 [hep-ph Becomes Iarger
—— MRST2007 LO* than total pp
CTEQ6L :

2—’2. —— MRST2001 int. cross section?

Sum of £l At p. = 5 GeV

e il Dijet Cross Section Lesson from

aq — o'’ “|8 VS PT cutoff bremsstrahlung in

gg — 9 £ pQCD: divergences

99 — 99 - 4 — fixed-order

- DL soft + hard .

99 — qq unreliable, but
~ Rutherford PUERRSH oK
(t-channel gluon) if resummed

(unitarity)

— Resum dijets!?

T.min [GG\Y] Yes =& MPI!
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What daes Gproton-proton Count?
Inclusive number of PROTON-PROTON interactions

What does Gparton-parton Count?

do- - do; N S ) tu l (neglecting pdf
- 7 _Z /‘171 /dn/(ll‘ filz1, pf) fi(w2, i) ZH i (pi A_) X —5 dependence
. (

(,1])_]_ p_l_lllill and s running)

Inclusive number of PARTON-PARTON interactions



OEE@':EE‘E@EE-EE@E_E‘E@EE > OEBE‘@E@EE-EEE‘@E@EE

What daes Gproton-proton Count?
Inclusive number of PROTON-PROTON interactions

What doeS oparton-parton Count?

(l.l‘;) )

I)Lmin

Inclusive number of PARTON-PARTON interactions

. 2 parton-parton
| pp collision = .
, collisions = Counts
counts once in Opp L
twice IN Oparton-parton




How mamny?

0-2_>2(me“1> <«— parton-parton

N&iVElY <n2—>2(pj_min>> - Otof <«— proton-proton

Interactions independent (naive factorization) = Poisson

(n) = 2 (examele| Real Life

Momentum (x) cons
suppresses high-n tail

+ physical correlations —
not simple product

01234567




Naive Factorization: Oq.g

Interactions independent (naive factorization) = Poisson

Often used for simplicity

(i.e., assuming corrections are small / suppressed)

Ot = “first moment”’ of

CDF Collaboration, Phys. Rev. Lett. 79 (1997) 584 MPI distributions

First rough
characterization of MPI

Measurement of Double Parton Scattering in
pp Collisions at /s = 1.8 Tev

The double parton scattering (DP) process [1], in which
two parton-parton hard scatterings take place within one
pp collision, can provide information on both the dis-
tribution of partons within the proton and on possible
parton-parton correlations, toplcs difficult to address

section for DP comprised of scatterlngs A and B is written

OAO0B
opp = , (1)
O eff

with a process-independent parameter oepr [2—35]. This
expression assumes that the number of parton-parton
interactions per collision is distributed according to
Poisson statisticsA{ 6], and that the two scatterings are dis-
tinguishable [7]. Previous DP measurements have come




Naive Factorization: Oq.g

Interactions independent (naive factorization) = Poisson

Often used for simplicity

(i.e., assuming corrections are small / suppressed)

Ot = “first moment”’ of

CDF Collaboration, Phys. Rev. Lett. 79 (1997) 584 MPI distributions

First rough
characterization of MPI

Measurement of Double Parton Scattering in
pp Collisions at /s = 1.8 Tev

The double parton scattering (DP) process [1], in which
two parton-parton hard scatterings take place within one
pp collision, can provide information on both the dis-
tribution of partons within the proton and on possible
parton-parton correlations, toplcs difficult to address

section for DP comprised of scatterlngs A and B is written
opp = 275 (1)

Teff Extracting Oesf
with a process-independent parameter oepr [2—35]. This is fine, but also need
expression assumes that the number of parton-parton :
interactions per collision is distributed according to mOdel'mdePendent
Poisson statisticsA 6], and that the two scatterings are dis- physical observables
tinguishable [7]. Previous DP measurements have come




From partons to hadromns

Initial State: Multi-Parton Distributions

Beyond naive factorization: correlations in flavor, impact parameter, and momentum
(+ color?) = make ansdtze (different in different MC programs)

= Still, can model/predict Multiple perturbative
(higher-twist) interaction rates using (mostly) pQCD



From partons to hadromns

Initial State: Multi-Parton Distributions

Beyond naive factorization: correlations in flavor, impact parameter, and momentum
(+ color?) = make ansdtze (different in different MC programs)

= Still, can model/predict Multiple perturbative
(higher-twist) interaction rates using (mostly) pQCD

\J Still a IOng way to the IR [Recall MB = All soft]

Soft Interactions = (Dressed) partonic (?) scattering down to zero pr?

®  Coherent soft interactions: diffraction and gaps

Confinement & Hadronization: corrections to leading-N¢ ?

Additional non-perturbative phenomena? Color reconnections, string
interactions, Bose-Einstein, hydro flow, ... ?
= what we had at LEP + a bunch more ...




Multi-Parton PDFs

SRR O (OGO QO &

> <€

How are the initiators and remnant partons correllated?
* in Iimpact parameter?

* in flavour?

* in X (longitudinal momentum)?

* in k; (transverse momentum)?

* in colour (= string topologies!)

* What does the beam remnant look like”?

* (How) are the showers correlated / intertwined?
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Colour and the UE

Each MPI exchanges color between the beams

» The colour flow determines the hadronizing string topology
 Each MPI, even when soft, is a color spark

* Final distributions crucially depend on color space
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Colour and the UE

Each MPI exchanges color between the beams

» The colour flow determines the hadronizing string topology

 Each MPI, even when soft, is a color spark
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Colour and the UE

Each MPI exchanges color between the beams

» The colour flow determines the hadronizing string topology

* Each MPI, even when soft, is a color spark

: e : Diffel‘ent
* Final distributions crucially depend on color space [mj Mode/s
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Colour and the UE

Each MPI exchanges color between the beams

» The colour flow determines the hadronizing string topology

* Each MPI, even when soft, is a color spark

D i ffere

n
ke diffe  Models

rent ap, Sitr

* Final distributions crucially depend on color space [mj
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Note: this just color connections, then there may be color reconnections too
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Taking an Organized View

I .Whel"e |S the ener’gy g0| N g? Note: only linearized Sphericity is IR safe

Sum(pT) densities, event shapes, mini-jet rates, energy
flow correlations... = sensitive to pQCD + pMPI

IR Sensitive

More IR
Sensitive
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2. How many tracks is it divided onto?

Niracks, dNtracks/dpT, Associated track densities, track
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Taking an Organized View

I . Where |S the ener’gy g0| N g? Note: only linearized Sphericity is IR safe

Sum(pT) densities, event shapes, mini-jet rates, energy
flow correlations... = sensitive to pQCD + pMPI

2. How many tracks is it divided onto!

Niracks, dNiwracks/dpT, Associated track densities, track IR Sensitive
correlations... = sensitive to hadronization + soft MPI

3.What kind of tracks? More IR

Strangeness per track, baryons per track, beam baryon Sensitive
asymmetry, ... s-baryons per s, multi-s states, s-sbar
correlations, .... = sensitive to details of hadronization

13



Example: Radiation vs MPI

® What is producing the tracks!?

® |s it Radiation!’ (tends to produce
partons close in phase space)

® Oris it MPI? (partons going out in
opposite directions)
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Example: Radiation vs MPI

CORRELATION STRENGTH b
0.7

t UAS DATA

. Without MPI

® What is producing the tracks!?

o |s it Radiation? (tends to produce
partons close in phase space)

® Orisit MPI! (partons going out in
opposite directions)

® Or is it soft production between
the remnants!

® Probing long- vs short-distance
correlations can tell us!

e F.g, forward-backward n s - <n 2
F B E
b -

correlation, b ol o 2
F F




Example: Radiation vs MPI

CORRELATION STRENGTH b
0.7

t UAS DATA

. Without MPI

® What is producing the tracks!?

® |s it Radiation’ (tends to produce
partons close in phase space)

® Orisit MPI! (partons going out in
opposite directions)

® Or is it soft production between
the remnants’

® Probing long- vs short-distance
correlations can tell us!

® F.o., forward-backward
correlation, b




Example: Radiation vs MPI

CORRELATION STRENGTH b

® What is producing the tracks!?

0.7

N 1960 GeV p+pbar

Inelastic, Non-Diffractive

N_, FB Comelation Strangth (genarator-level)

Is it Radiation? (tends to produce il = Panga0
partons close in phase space) - Different MPI . ;.o
v-- DW
models have

Or is it MPI? (partons going out in different shapes

opposite directions)

Or is it soft production between
the remnants’

® Probing long- vs short-distance TR

correlations can tell us!

15 2

PS, fermilab-conf-07-706-t, in arXiv:0803.0678 [hep-ph]

E.o., forward-backward : =
St Related to 2-particle correlations!
correlation, b - .

||
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Hard diffraction included in

. Need better models for diffraction PYTHIAS

+ being included in
- . . . HERWIG++ and SHERPA
Tuning is fast - but modeling takes time + more later?

To test future models, will need to design diffractively enriched event samples now +
physical discriminating observables + data preservation (HEPDATA/Rivet)
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l. Need better models for diffraction o
. . . . HERWIG++ and SHERPA
Tuning is fast - but modeling takes time + more later?

To test future models, will need to design diffractively enriched event samples now +
physical discriminating observables + data preservation (HEPDATA/Rivet)

2. Take an Organized View

Factorized: Order observables from IR safe to IR sensitive

Global View: Save us the this-model-fits-this-distribution crap. Models
need to be simultaneously tested on several obs in several PS regions to
understand where & why they break down.
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Hard diffraction included in

PYTHIAS8

l. Need better models for diffraction S
. . . . HERWIG++ and SHERPA
Tuning is fast - but modeling takes time + more later?

To test future models, will need to design diffractively enriched event samples now +
physical discriminating observables + data preservation (HEPDATA/Rivet)

2. Take an Organized View
Factorized: Order observables from IR safe to IR sensitive

Global View: Save us the this-model-fits-this-distribution crap. Models
need to be simultaneously tested on several obs in several PS regions to

understand where & why they break down.

3. Need better understanding of E-scaling

E-scaling allows to consolidate measurements from different colliders
(not the least LEP) — powerful cross check on physics model

While waiting for better model of diffraction, isolate and continue testing non-
diffractive tail of MB + Systematically compare to LEP (jet fragmentation) & UE

19



Fnergy Scaling

Can we be more general than this-
tune-does-this, that-tune-does-that?

Yes

The new automated tuning tools allow us to get an
Unbiased optimization at each collider separately

Critical for this task:

“Comparable” data set at each different collider energy

Example on next pages using PYTHIA 6, but applies to any model

20



(Schulz)

MCnet/LPCC Summer Student (+co-author of Professor)
Used CDF, UA5, and ATLAS data
P(Nch), dNcr/dpT, <p7>(Nch)
+ can even focus on Nch=6 sample separately!

From 630 GeV to 7 TeV (we would have liked to add STAR at 200 GeV,
but we did not have a complete obs set from them)

pA



(Schulz)

MCnet/LPCC Summer Student (+co-author of Professor)

Used CDF, UA5, and ATLAS data
P(Nch), dNch/dpT, <p1>(Nch)
+ can even focus on Ncn=6 sample separately!

From 630 GeV to 7 TeV (we would have liked to add STAR at 200 GeV,
but we did not have a complete obs set from them)

Reduce model to 3 main parameters: Starting point = Perugia 0

|. Infrared Regularization Scale auil  PARP(82)

2. Proton Transverse Mass Distributions PARP(83)

3. Strength of Color Reconnections PARP(78)

pA



Independent tunings compared to Perugia 0

No large deviation from the assumed functional form
(E.g., Tunes A, DWV, Perugia-0 use Exprareeo = 0.25)

Evolution of PARP(82) with +/s

g °F
L [ === PARP(8) =
| -~
% 25 ——— Exp=0.25 7T 7Ty
a» . -7
cf.,also, e.g,, o [ _— -
CMS, studies by - 900 GeV P
R. Field - —- - 1800 &
Q - _ - 1960 GeV
630 GeV
. B
% o __.:T:ff_—:j_tj_—_j_—_j: ,,,,,,, L 1 —
© = —
2 7 L -
a - —
)5 PARP(82) vs /s, N¢y > 6
s Gen N oL .
FIG. 8. Values for the cutoff parameter pry as a function of 10 3
c.m. energy , as determined from comparisons with the average
charged multiplicity. Dashed line, with a logarithmic extrapola- \/§ / Gev

tion to higher energies, Eq. (38); dotted line, if assumed constant
above 900 GeV.

“Energy Scaling of MB Tunes”, H. Schulz + PS, in preparation



stribntio

Independent tunings compared to Perugia 0

Hint of departure from Gaussian (PARP(83)=2.0) at lower Ecm!
Consistent with higher average x at lower energies = more lumpy?

Evolution of PARP(83) with /s

o B
o0
E , [ == PARP(83) - m
é B | B 7Teﬂ
-------------- —-1900GeV [----"1
N 1800 & -
15 e Perugia-0:
_ 630 GeV too lumpy
B at high E?
11—
0.5 —
0 B | | | |
103
Vs / GeV

“Energy Scaling of MB Tunes”, H. Schulz + PS, in preparation



stribmntio

Independent tunings compared to Perugia 0

Hint of departure from Gaussian (PARP(83)=2.0) at lower Ecm!
Consistent with higher average x at lower energies = more lumpy?

Evolution of PARP(83) with /s

) B
§ L[ === PARP()) . ran
» - 71eV
é : ---------------- 900—G V [~""""1 -""""""""""I'
N - ° 1800 & Perugia-0:
1.5 — 630 GeV 1960 GeV too lumpy
- at high E?
L
05—
Interesting to get more independent handles on b distribution
0 l_ | | | | | | | | | | | | I|
103
Vs / GeV

“Energy Scaling of MB Tunes”, H. Schulz + PS, in preparation




Independent tunings compared to Perugia 0

CR are the most poorly understood part of these models

Assumption of constant strength not supported by data!

PARP(78)

0.3

0.2

0.1

Evolution of PARP(78) with /s

“Energy Scaling of MB Tunes”, H. Schulz + PS, in preparation

e PAR_P(78)
- 630 GeV
:_ 900 GeV = Perugia-0:
- 1800 & too much CR [7TeV
B 1960 GeV at high E? ]
B o
103
Vs / GeV



Independent tunings compared to Perugia 0

CR are the most poorly understood part of these models
Assumption of constant strength not supported by data!

Evolution of PARP(78) with /s

o) L
~ B
— 630 GeV
S
0.4 [
0.3 :— 900 GeV - Perugia-0:
- 1800 & too much CR [7TeV
0 :_ 1960 GeV at high E? ]

Underscores the need for better physical understanding
What is the real physics that drives the need for CR?

0L L 011 | | L1l
103

Vs / GeV

“Energy Scaling of MB Tunes”, H. Schulz + PS, in preparation




Summmary

A new way of using tuning tools

— Check of consistency and universality of the model

Not just the best tune

Power + Flexibility of automated tools allow
independent optimizations in complementary phase space regions

We used different beam energies as our complementary regions
(— tests of energy scaling assumptions)
Other complementary sets could be used to test other aspects

Crucial: Need complete and comparable data sets in each region!

+ get a data-driven idea of any non-universalities as a bonus — better uncertainties

More to learn about the physics behind Color Reconnections ...

25
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Baryon [ransport

LESS than
Perugia-SOFT

(at least for
protons, in central

region)

But MORE
than Perugia-0
(at least for

Lambdas, in
forward region)

. LHCb data

LHCb MC

PYTHIA - Perugia0 tune

LHCb 2009
Preliminary

Vs =0.9TeV
~0.3 nb-1




PY THIA Updates

with input from R. Corke, T. Sjostrand



PYTHIA &

T h e Pe Yu gi 7, | Tu nes PS, arXiv:1005.3457v2

Intended to provide reasonable starting points for
tuning efforts of the pr-ordered framework

Mark the last development effort from the authors

Diffraction

Obsolete Model: no diffractive jet production

— PYTHIA 8: S. Navin, arXiv:1005.3894
Status

No longer actively developed

29



PYTHIA 8

cf., e.g., yesterday’s
ATLAS talk (L. Tompkins)

Already significant improvements
but there was one snag...

Transverse region charged particle density Transverse region charged pT sum density

—— MC (out) | E —— MC (out)

—— o —a— data
,_l—'

ﬁ;r:;++++++++++++++‘+‘+‘+‘—+—+_+_—+— +

- | - | S N N N — - . - | | | L Ll | L | Ll S TN S S - - - I - | Ll Ll | L L1 | L L
100 150 200 250 FO0 350 i TaTal 20 100 150 200 250 F00 350 400
pr(leading jet) / GeV prileading jet) / GeV
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Y THIA

A problem with Final-Initial Dipoles
(doublecounting), now addressed —

Transverse region charged }_ p | density
Iransverse region charged particle density

1

s T
-* -+-

—e— CDF data { = : H.. = —e— CDF data

— Pythia 6.422 Pro-Q20 ! ‘ ir___. = ——— Pythia 6.422 Pro-Q20
——— Pythia 6.422 Perugia 0 v —— Pythia 6.422 Perugia 0
4 Pythia 8.140 CTEQ6L1

Pythia 8.140 CTEQ6L1 | o
Pythia 8.140 MRST LO** | L Pythia 8.140 MRST LO**
' W

| WD S W W S S W WS D W W WS S S W S S S WS S S T S G S S IS uS S TSR EeEs e e S —_—|

| SR Sa S S S S SR S S S IR S S S S S S S S S S S S S S G ame S S S S S R SN A e S S o

100 150 250 300 350 400
I) 1 ( l(-.)(l "'IL', i(-t :| / (7;(-\.’ [ 5() ] l)l) l ::‘() 2()” 25[] 3(‘() }5{] 4(“)
pr(leading jet) / GeV
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Y THIA

A problem with Final-Initial Dipoles
(doublecounting), now addressed —

Transverse region charged }_ p | density

Iransverse region charged particle density

o=l

- Mm—o—' e
-* -+—

(- ;?'I"“" “?ﬁ' /dyde¢ / GeV

—e— CDF data { = ; ++.. : —s— CDF data

— Pythia 6.422 Pro-Q20 ! ‘ FJ = ——— Pythia 6.422 Pro-Q20

- I’twhi.x 6.422 Perugia 0 5| ——— Pythia 6.422 Perugia 0
Pythia 8.140 CTEQ6L.1 .* l’ylhi.‘l 8.140 CTEQ6IL.1
Pythia 8.140 MRST LO** L Pythia 8.140 MRST LO**

L A S T S S S S B A A e

A A A A A A A A A A A A A A A | | | )
100 150 200 250 300 350 400
prileading jet) / GeV

100 150 200 250 300 350 400
pr(leading jet) / GeV

PYTHIA 8 now competitive with or better than PYTHIA 6 also for UE
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(+ Diffraction)

Compare with Hard Probe

normal PDFs

Short-Distance

Long-Distance M
Vg N Ve ‘

-+
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(+ Diffraction)

Compare with Hard Probe

normal PDFs

Short-Distance

Very Long-Distance
Q<A

P p’

33



(+ Diffraction)

“Intuitive picture”

Compare with
normal PDFs Hard Probe

Short-Distance

Very Long-Distance
Q<A L0

P p’

Virtual TT* (“Reggeon”)




(+ Diffraction)

“Intuitive picture”

Compare with
normal PDFs Hard Probe

Short-Distance

Very Long-Distance N .
irtual “glueball

Virtual TT* (“Reggeon”)

33



(+ Diffraction)

“Intuitive picture”

Compare with
normal PDFs Hard Probe

Short-Distance

very Long-Distance - Sy ﬁual “glueball’
/ PoR’) = (gg) color singlet

Q<A nO

Virtual TT* (“Reggeon”)

33



(+ Diffraction)

“Intuitive picture”

Compare with

normal PDFs Hard Probe

Short-Distance

Long-Distance

Very Long-Distance
Q<A O

Virtual TT* (“Reggeon”)

34



